Characteristics of encephalomyocarditis (EMC/ virus-induced testicular lesions were investigated in 4-and 8-week-old BALB/c male mice after intraperitoneal [i.p.) and intratesticular (left) (i.t.) inoculation of the 0 variant of EMC virus (EMC-D). Apart from variation in severity and incidence, the histopathological nature of the resultant testicular lesion was similar in all infected mice, and was characterized by degeneration and necrosis of germinal cells and spermatogonia with inflammatory infiltration. Almost all the inoculated left testes of the i. t. group developed marked lesions. In general, the virus titre in the testis and incidence of testicular lesions were higher in 4-week-old mice than in 8-week-old mice. In addition, testicular lesions developed earlier and with a higher incidence in the PBS-inoculated right testis of the i.t. group than in either testis of the i.p. group of the same age.
Target organs of encephalomyocarditis {EMC/ virus, which has been attracting attention as a useful tool for the induction of viral diabetes in mice (Craighead & McLane 1968) , vary little among laboratory animal species. The brain, heart and pancreas are usually involved (Matsuzaki et al. 1989a) . Recently it was found in our laboratory that the testis was highly affected by EMC virus in Syrian hamsters , Sugawara et al. 1991 . This was the first report of viral orchitis in laboratory animals. On subsequent examination we found that EMC virus also produced testicular lesions in mice.
The purpose of this study was to investigate EMC virus-induced testicular lesions in mice under different conditions.
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Materials and methods

Animals
Sixty 4-week-old (body weight: 14.2 ± 1.0 g) and 60 8-week-old (body weight: 22.6± 1.2g) male BALB/c mice (Japan SLC, Shizuoka) were used from a colony conSistently seronegative for EMC virus. Animals were housed 5-7 per cage (215 x 320 x 140 mm) using an isolator caging system [Niki Shyoji Co. Tokyo) in an animal room controlled at 23 ± 2°C, 55 ± 5% RH with a 12 h light [06:00-18:00)-12h dark (18:00-06:00) cycle. They were fed commercial pellets [Oriental MF, Oriental Yeast Co. Ltd, Tokyo) and water ad libitum.
Virus infection
A plaque-isolated D variant of EMC virus [EMC-D) from Dr Yoon, the University of Calgary, Alberta, Canada (Yoon et al. 1980) was cultured on mouse L-929 cells and stored Laboratory Animals (1994) 28, 330-334 at -80 a C until used. The titre of this virus stock, determined by plaque assay on L-929 cell cultures, was 4 x 10 7 plaque-forming units (pfu)/ml. The virus stock was diluted with 0.01 M phosphate buffered saline (PBSI and adjusted to 10 6 or 10 7 pfu/ml immediately before use. 0.1 ml of the virus dilution of 10 6 pfu/ml (10 5 pfu/mouse) was inoculated intraperitoneally [i.p.) into 15 mice aged 4 weeks and 15 aged 8 weeks (Lp. group). Similar groups of 4-and 8-week-old mice were inoculated i.p. with 0.1 ml of PBS as controls.
Alternatively 0.01 ml of the virus dilution of 10 7 pfu/ml (10 5 pfu/mouse) was inoculated under ether anaesthesia into the left testis of 15 mice aged 4 weeks and 15 aged 8 weeks (i.t. group) using a micIOinjector, Tridak model 4001-010 (TRIDAK Co. Ltd, USA) in order to prevent spill-over of the inoculum into the peritoneum. The right testes of these animals were inoculated with 0.01 ml/mouse of PBS in the same way. In addition, similar groups of 4-and 8-week-old mice were inoculated Lt. lleft testisl with 0.01 ml of PBS as controls.
Five animals from each group of 15 were killed by exsanguination via cardiac puncture under ether anaesthesia at 2, 4 and 7 days after inoculation [DAI), respectively. Those killed at 7DAI were weighed.
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Virus titre
Virus titration by plaque assay on L-929 cell cultures was done on the right testis (i.p. group), both testes (Lt. group) and blood (both groups) from each animal killed at 2, 4 and 7DAI, according to the method of Matsuzaki et al. (1989b) .
Histology
At necropsy, testis and epididymis from all mice were fixed in 10% neutral buffered formalin. Paraffin sections (4ILm) were stained with haematoxylin and eosin (HE) for light microscopy. In addition, some sections were stained by the avidin-biotinperoxidase complex (ABC) method using Vectastain ABC kit (Vector Laboratories Inc. Burlingame, CAl for the detection of viral antigens. Anti-EMC-D guinea pig serum (Matsuzaki et a1. 1989b ) was used as a first antibody.
Results
Mortality and body weight
Some of the 4-week-old mice of the i.p. and Lt. virus-inoculated groups developed hind limb-paralysis at 6DAI, and 2 of the Lt. group died one day later. At 7DAI, mean body weight gain was less in EMC virus-inoculated groups than in controls, being least in the Lt. group ITable 1). 
Virus titre
In both i.p. and i.t. groups, the blood virus titre was high at 20AI, lower at 40AI and no longer detected at 7DAI (Fig. 1) . The virus titre of the left testis of the EMC virus-inoculated i.t. group (both 4 and 8 weeks old) was high (10 7 -10 8 pful g) at all times of examination. In the right testes of the Lp. and Lt. groups there was no obvious difference in virus titre between blood and testis at 20AI. However, in a number of mice the virus titre was higher in testis than in blood at 4 and 7DAI. In addition, the virus titre of testis was generally higher in 4-week-old mice than in 8-week-old mice at 2 and 4DAI (Fig.2) .
Incidence of testicular lesions
In the Lp. group, testicular lesions were detected in both testes with a similar incidence at 4DAI (4-week-old, 60%; 8-week-old, 20%) and 7DAI [4-week-old, 100%; 8-week-old, 20%) (Table 1 ).In the Lt. group, the lesion was observed in almost all left testes on and after 2DAI irrespective of the age of animals. On the other hand, in the right testis (PBSinoculated) of 4-and 8-week-old mice, the incidence of lesions was 20% at 2DAI, then increased to 100% in 4-week-old mice and 60% in 8-week-old mice at 7DAI [ Table 1 ).
Histopathology
Apart from difference in severity, the histopathological nature and sequence of testicular lesions were similar in affected animals. Initially, degeneration and/or pyknosis of germinal cells and spermatogonia were observed in some seminiferous tubules, around which neutrophil infiltration was detected (Fig. 3) . Multinucleated giant cells derived from spermatids or spermatocytes were also found in some of these tubules. Thereafter obstruction of seminiferous tubules by cellular debris and/or mesenchymal cells developed (Fig. 4) , and finally cellular debris was almost eliminated from seminiferous tubules, resulting in mild to moderate tubular atrophy (Fig. SA) . The lesion was always focal in the testis of the i.p. group and in the PBS-inoculated right testis of the i.t. group while it was diffuse in the EMC virus-inoculated left testis of the L1. group.
Virus antigens were detected in some germinal cells in the degenerated seminiferous tubules from 2 to 70A! (Fig. 3, Inset) . The testes of the control animals, i.e. those inoculated with PBS only, showed no lesions at any time (Fig. SB) . There was no change in the epididymis in any mouse throughout the experimental period.
Discussion
Except in the EMC virus-inoculated left testis of the i.1. group, the incidence of testicular lesions and virus titres were higher in 4-week-old mice than in 8-weekold mice. Maturation of the blood-testis barrier may playa role in preventing virusinduced testicular lesions, as EMC virus is considered to reach seminiferous tubules via the blood (Hirasawa et a1. 1991) . The effect of age-related hormonal states on EMC virus-induced testicular lesions would bear investigation.
It is not clear why the testicular lesion developed earlier and at a higher incidence in the PBS-inoculated right testis of the Lt. group than in the testes of the i.p. group. Shigesato et al. Apart from its severity and incidence, the histopathological nature of EMC virusinduced testicular lesions in mice was similar to Syrian hamsters (Hirasawa et ai. 1991 , Sugawara et a1. 1991 , and was characterized by degeneration and necrosis of germinal cells and spermatogonia with inflammatory infiltration. Organ susceptibility was different in the 2 species with the testis more severely affected in Syrian hamsters. Other target organs such as brain, heart and pancreas were more severely damaged in mice than in Syrian hamsters (Matsuzaki et a1. 1989a) .
Compared with those in Syrian hamsters, testicular lesions in mice inoculated i.p. with EMC-O were more akin to acute human mumps orchitis (Mostofi & Davis 1990) in terms of the incidence and severity. Further investigations of EMC virus-induced chronic testicular lesions in mice are now in progress.
